Objectives. To compare the effectiveness of TNF inhibitors (TNFi) and tocilizumab in rheumatoid arthritis (RA) treatment, according to different response criteria. Methods. We included RA patients registered in the Rheumatic Diseases Portuguese Register treated with TNFi or tocilizumab for at least 6 months, between January 2008 and July 2013. We assessed remission/low disease activity (LDA) at 6 months according to DAS28, CDAI, and SDAI, as well as Boolean ACR/EULAR remission and EULAR response rate, adjusting for measured confounders. Results. Tocilizumab-treated patients ( = 95) presented higher baseline disease activity and were less frequently naïve to biologics compared to TNFi users ( = 429). Multivariate logistic regression analysis including the propensity score for receiving tocilizumab showed that patients treated with tocilizumab were more likely to achieve remission or LDA according to DAS28 (OR = 11.0/6.2, 95% CI 5.6-21.6/3.2-12.0), CDAI (OR = 2.8/2.6, 95% CI 1.2-6.5/1.3-5.5), or SDAI (OR = 3.6/2.5, 95% CI 1.5-8.7/1.1-5.5), as well as a good EULAR response (OR = 6.4, 95% CI 3.4-12.0). However, both groups did not differ in Boolean remission (OR = 1.9, 95% CI 0.8-4.8) or good/moderate EULAR response (OR = 1.8, 95% CI 0.8-4.5). Conclusions. Compared with TNFi, tocilizumab was associated with greater likelihood of achieving DAS28, CDAI, and SDAI remission/LDA and EULAR good response. Boolean remission and EULAR good/moderate response did not differ significantly between groups.
Introduction
Tumour necrosis factor inhibitors (TNFi) were the first biological agents introduced in the treatment of rheumatoid arthritis (RA). They have been widely used for over 15 years now and extensive evidence of their efficacy and effectiveness has accumulated, arising from numerous randomised clinical trials (RCTs) and large observational studies [1] [2] [3] [4] [5] [6] . Tocilizumab, a monoclonal antibody targeting the interleukin-6 receptor, has become available one decade later and has progressively gained its place into RA treatment algorithms [7] . It has now been included in the last 2013 European League Against Rheumatism (EULAR) recommendations as one of the potential first line biologic drugs, alongside TNFi [7] , after methotrexate (MTX) and/or other synthetic diseases modifying antirheumatic drugs (DMARDs) failure, a guidance followed by several national rheumatology societies [8] .
TNFi are highly efficacious, both in monotherapy and in combination with synthetic DMARDs, such as MTX. Several indirect comparisons of RCTs and register-based observational studies failed to show significant differences in effectiveness between TNFi, although there are no available RCTs specifically addressing this issue [3] [4] [5] [6] [9] [10] [11] [12] . Likewise, tocilizumab presents good response rates, not only with concomitant MTX, but also in monotherapy [13, 14] . The only available head-to-head study, comparing tocilizumab and adalimumab in monotherapy, revealed higher clinical response with the former [15] . While RCTs directly assessing both classes of drugs in combination with synthetic DMARDs are missing, indirect comparisons through systematic reviews of RCTs have reported similar American College of Rheumatology (ACR) 50 responses [11, 12, [16] [17] [18] [19] between tocilizumab and TNFi, with only one of these studies suggesting a higher ACR70 response rate with tocilizumab [16] .
Real life observational data have confirmed the effectiveness of tocilizumab, with studies reporting 39-54.9% of the patients achieving remission according to disease activity score-28 joints (DAS28) [20] [21] [22] and 50.7% reaching ACR50 response at 24 weeks [22] . However, there are few observational register-based studies comparing the effectiveness of different biologic drug classes in real life circumstances. In one of such studies, Yoshida et al. compared the remission rates after 6 months of treatment with tocilizumab or TNFi and found that although the percentage of patients reaching DAS28-erythrocyte sedimentation rate (ESR) remission was higher with tocilizumab, the rates of stringent Boolean remission were similar in both groups [23] . This finding reflects the profound effect of tocilizumab upon inflammatory markers, due to the direct inhibition of IL-6, a major activator of the acute phase response [24] . Thus, response rates to tocilizumab might be overestimated when considering composite scores that include inflammatory markers, such as the DAS28, where ESR or C-reactive protein (CRP) has a high weight on the overall score [24] .
With this in mind, we aimed to compare the effectiveness of TNFi and tocilizumab in RA treatment, according to different response criteria, in patients followed for at least 6 months in a multicentre nationwide cohort. We further looked at assessing the impact of previous biologic therapies on treatment response.
Methods

Patients.
The Rheumatic Diseases Portuguese Register, Reuma.pt, is a nationwide clinical register established in 2008 and used in daily practice by nearly all rheumatology centers in Portugal [25] . Biologic therapy for RA has been available in Portugal since 2000, with the introduction of etanercept and infliximab. Adalimumab was approved in 2003 and the three drugs currently account for the majority of treatments. Tocilizumab and golimumab have become available in 2009 and 2010, respectively, and have progressively been incorporated into the daily clinical practice. The decision to initiate, switch, or maintain biologic treatment is guided by the SPR recommendations [8] , which make no formal statement about which agent(s) should be considered as first line option(s).
We included patients fulfilling ACR 1987 revised RA criteria, starting tocilizumab or TNFi (adalimumab, etanercept, golimumab, or infliximab; certolizumab was not available in Portugal during the time frame of the study) between January 2008 and July 2013, who were treated for at least 6 months and had available DAS28 scores at baseline and follow-up.
All patients provided written informed consent as part of their enrolment in Reuma.pt, which is approved by competent authorities in Portugal, including the Health National Directorate and the National Board of Data Protection. The study was conducted according to the Declaration of Helsinki, as revised in Fortaleza (October 2013) and was approved by the Santa Maria Hospital Ethics Committee.
Statistical Methods.
The coprimary outcomes were the proportion of patients in remission according to DAS28 (<2.6), CDAI (≤2.8), SDAI (≤3.3), and ACR/EULAR Boolean criteria (tender joint count-28 joints (TJC28) ≤ 1, swollen joint count-28 joints (SJC28) ≤ 1, CRP ≤ 1 mg/dL, and patient global health (PGH) ≤ 1/10). Secondary outcomes included proportion of patients reaching at least low disease activity (LDA) according to DAS28 (<3.2), CDAI (CDAI ≤ 10), and SDAI (≤11); frequencies of EULAR good (change in DAS28 > 1.2 and DAS28-6 months ≤ 3.2) and good/moderate response (change in DAS28 > 0.6 and DAS28-6 months ≤ 5.1 or change in DAS28 > 1.2 and DAS28 > 5.1); and, finally, change in DAS28, ESR, TJC28, SJC28, visual analogue scale (VAS), and health assessment questionnaire (HAQ). Covariates of interest included age at biologic start, gender, race (Caucasian versus non-Caucasian), disease duration, years of education, seropositivity (if anti-citrullinated protein antibody (ACPA) and/or rheumatoid factor (RF) positive), erosive disease (if erosions identified at X-rays of hands/feet at any time in disease), previous biologic therapy status (biologicnaïve versus previously exposed to ≥1 biologic), number of previous biologics, smoking status (current smokers versus noncurrent smokers), cardiovascular comorbidity (hypertension, dyslipidaemia, heart disease, or diabetes mellitus), and concomitant MTX and corticosteroid therapy. At 6 months, data were collected on TJC/SJC28, ESR, CRP, VAS (PGH and physician global assessment (PhGA)), and HAQ.
Baseline and follow-up data were compared according to biologic treatment using ANOVA, Student's -test or chi-square tests, where applicable, both for each biologic separately and for biologic class (TNFi/tocilizumab). Bonferroni tests were applied, when significant differences were detected in ANOVA. We further performed stratification on previous biologic therapy status, to account for the potential relationship between previous biologic therapies and current therapy effectiveness.
To try to accommodate for patient-and disease-related confounders, we used multiple logistic regression and propensity score-based methods to explore the relationship between biologic class and treatment response. We built logistic regression models predicting binary response outcomes using stepwise backward elimination, including covariates with value < 0.1 in the univariate analysis and those thought to be clinically meaningful (age, sex, seropositivity, number of previous biologics, disease duration, and baseline disease activity). In order to avoid overadjusting, individual components of the disease activity score were not considered. Variables conferring a greater than 10% change on the main regression coefficient (biologic class) were included in the final model.
A propensity score estimating the likelihood of receiving tocilizumab was generated, using a logit function and including baseline variables potentially related to biologic class that did not contain significant numbers of missing values: age, age-squared, sex, number of previous biologics, disease duration, baseline DAS28, TJC, SJC and concomitant treatment with MTX, corticosteroids, and other DMARDs. We then included this propensity score as a covariate in the univariate and multivariate logistic regressions in order to account for potential residual confounding. Finally, we conducted caliper 1 : 5 matching with replacement on the propensity score using the psmatch2 command of Stata for each of the outcomes separately. Matching strategies significantly reduced the overall mean bias (e.g., 5.4% for the DAS28 matching), while decreasing the number of patients subject to the analysis, as expected.
All statistical analyses were performed using Stata version 12.1 (StataCorp, College Station, TX, USA) and value was considered significant at <0.05.
Results
Five hundred and twenty-four patients fulfilled the inclusion criteria, 95 treated with tocilizumab and 429 with TNFi (106 adalimumab, 202 etanercept, 43 golimumab, and 78 infliximab). The baseline characteristics of the population are represented in Table 1 . Patients from different groups had similar demographic characteristics, with expected distributions of variables such as age, gender, disease duration, smoking, or cardiovascular comorbidities, compatible with an established RA population. Frequencies of seropositivity (RF and/or ACPA), erosive disease and concomitant treatment with MTX, or low-dose corticosteroids were similar between groups considering either each biologic separately or biologic class. However, tocilizumab-treated patients were less frequently naïve to biologic therapy, had received a higher number of previous biologic agents, and had more active disease, as translated by significantly higher SJC28, PhGA, DAS28, CDAI, and SDAI. Furthermore, comparing patients by biologic class revealed higher mean ESR/CRP and increased proportions of patients with high disease activity according to all indexes in the tocilizumab group.
At follow-up (Table 2) , only DAS28 and ESR were lower in the tocilizumab group compared to all TNFi ( < 0.001). Bonferroni tests after ANOVA regarding CRP at 6 months revealed that there were no significant differences between tocilizumab and each TNFi separately ( > 0.05 for all twogroup comparisons). All other disease activity measures were similar between the groups. However, considering changes from baseline values, tocilizumab users presented a significantly greater decrease in DAS28, CDAI, SDAI, and inflammatory markers (ESR and CRP), as well as in the SJC28 and PhGA than patients treated with TNFi ( Table 2) .
Remission and EULAR Response.
More than half of tocilizumab-treated patients were in DAS28 remission at 6 months, a significantly higher proportion than observed for TNFi users (OR = 4.4, 95% confidence interval (CI) 2.8-7.0; Figure 1(a) ). However, no significant differences were seen for remission rates according to CDAI (OR = 1.6, 95% CI 0.8-3.2), SDAI (OR = 1.9, 95% CI 0.97-3.9), or Boolean definition (OR = 1.1, 95% CI 0.6-2.3) criteria. Similarly to DAS28 change and remission, nearly two-thirds of the tocilizumab group had a good EULAR response, compared to one-third of TNFi users (OR = 3.6, 95% CI 2.3-5.7; Figure 1 (b)). When considering the achievement of good/moderate EULAR response, the differences between groups were smaller, with 89.5% and 79.9% for tocilizumab and TNFi groups, respectively (OR = 2.1, 95% CI 1.07-4.2, = 0.03).
Response according to Previous Exposure to Biologics.
Stratification according to previous biologic therapy exposure revealed that biologic-naïve patients treated with tocilizumab had higher odds of achieving remission, not only according to DAS28 (OR = 7.6, 95% CI 4.0-14.5), but also according to CDAI (OR = 2.6, 95% CI 1.2-5.8) and SDAI (OR = 3.0, 95% CI 1.3-6.8; Figure 2 (a)). No significant differences were seen with the more stringent Boolean definition (OR = 1.6, 95% CI 0.7-3.7; Figure 2 (a)). Regarding EULAR response, 76.9% of biologic-naïve patients in the tocilizumab group presented a good response, compared to 35.1% of TNFi users (OR = 6.2, 95% CI 3.2-12.1; Figure 2 (b)). Considering patients previously exposed to biologic therapy and although the numbers are considerably smaller (TNFi = 64 and tocilizumab = 43), the results were similar to those observed in the overall population analysis, with significant differences being seen only for DAS28 remission (OR = 2.8, 95% CI 1.2-6.6; Figure 2 (a)). Likewise, rates of EULAR response in this subgroup of patients were lower in comparison to those that were biologic-naïve, namely, 48.8% and 23.4% of EULAR good response in the tocilizumab and TNFi groups, respectively TNFi: tumour necrosis factor inhibitors. Table 2 : Disease activity at 6-month follow-up and respective change from baseline. (OR = 3.1, 95% CI 1.4-7.1). Considering the achievement of at least a moderate EULAR response, differences between groups were less striking, being significant only in the biologic-naïve subgroup (OR = 5.3, 95% CI 1.3-22.4, = 0.011) and not in patients previously exposed to biologics (OR = 2.3, 95% CI 0.9-5.7, = 0.075).
3.3.
Low Disease Activity at 6 Months. The proportions of patients achieving, at 6 months, at least a LDA state according to each of the indexes are represented in Figure 3 ((a) overall population analysis; (b) stratifying on previous biologic status). Notably, more than half of the patients reached LDA according to CDAI (≤10) or SDAI (≤11) regardless of type of treatment. As seen for remission, in the overall population analysis there were significant differences between groups favoring tocilizumab only for the DAS28 definition of LDA (OR = 2.6, 95% CI 1.6-4.1; Figure 3(a) ). Interestingly, there was a better concordance between indexes than for remission, particularly in the tocilizumab group, with 64% of patients in LDA/remission according to every definition. Biologic-naïve patients also had higher odds of achieving at least a LDA state when treated with tocilizumab, compared to those in the TNFi group: defined by DAS28 (OR = 4.6, 95% CI 2.4-9.0), CDAI (OR = 2.8, 95% CI 1.3-6.1), or SDAI (OR = 2.5, 95% CI 1.1-5.7; Figure 3(b) ). As for patients previously exposed to biologics, there were no statistically significant differences between both drug classes in terms of achieving at least LDA according to any of the criteria (Figure 3(b) ). Table 3 Figure 2: Remission (a) and EULAR response rate (b) at 6 months stratified by previous biologic therapy. (a) Biologic-naïve patients treated with TCZ had significantly higher rates of DAS28, CDAI, and SDAI remission, with nonsignificant differences in the more stringent Boolean remission. TCZ-treated patients previously exposed to at least 1 biologic had greater frequencies of DAS28 remission than those treated with TNFi, with similar rates of CDAI, SDAI, and Boolean remission. (b) EULAR response rates were significantly higher in the TCZ group for both previous biologic statuses, although the differences were greater in biologic-naïve patients. value significant at <0.05.
Multivariate Analyses.
disease activity (DAS, CDAI, or SDAI, as appropriate), and number of previous biologics, revealed that tocilizumabtreated patients had higher odds of achieving remission and LDA according to DAS28, CDAI, and SDAI. There were no significant effects of biologic class on reaching Boolean remission. Good and good/moderate EULAR responses were also more likely to occur in tocilizumab-treated patients using this approach. The inclusion of the propensity scores predicting biologic class into the logistic regression model decreased the effect size of treatment group on the outcomes, although not changing the inference made for DAS28, CDAI or SDAI remission/LDA, Boolean remission, or EULAR good response. However, the odds of achieving a good/moderate EULAR response were no longer different between biologic therapy classes. Propensity score matching alone or in combination with multivariate logistic regression confirmed this finding and further revealed no significant effect of biologic class on reaching LDA according to SDAI. Achieving CDAI remission or LDA was not different between groups in the propensity score-matched analysis, although the regression analysis performed in the matched population did reveal significant differences for reaching remission/LDA, favoring TCZ. All other outcomes remained unchanged using this approach. Biologic-naïve patients in the TCZ group had significantly higher proportions of DAS28, CDAI, and SDAI LDA compared to TNFi users. On the contrary, in patients previously exposed to at least 1 biologic the frequencies of LDA according to all indexes were similar between drug class groups. value significant at <0.05.
Discussion
In this study we compared the effectiveness of two classes of biologic therapies in RA patients registered in our national register, Reuma.pt. We found that patients treated with tocilizumab were more likely to achieve DAS28, CDAI, and SDAI remission/LDA, as well as good EULAR response at 6 months, when adjusting for confounding factors. On the The odds ratio and 95% confidence interval (95% CI) for the effect of tocilizumab versus TNF inhibitors (TNFi) in the considered outcomes are represented according to the statistical methodology used. Multivariate logistic regression (LR) adjusted for other significant confounders as described in Section 2, namely, age, disease duration, number of previous biologics, and baseline disease activity (DAS28 for DAS28/Boolean remission, DAS28 low disease activity (LDA), and EULAR response; CDAI for CDAI remission/LDA; SDAI for SDAI remission/LDA). Propensity scores (PS) predicting biologic class were calculated and incorporated in the analysis, via LR and/or matching (caliper 1 : 5 with replacement). value significant at <0.05; significant differences highlighted in bold.
other hand, the modelled probability of Boolean remission did not differ between groups and neither did the likelihood of achieving a good/moderate EULAR response when taking into account the propensity score for receiving tocilizumab. Similar results were obtained by Yoshida et al., with fewer patients per group, in the single centre CABUKI register, where DAS28-ESR remission was more frequent in tocilizumab-treated patients (47.8% versus 25%, = 0.006), Boolean remission was similar, and previous biologic therapy had a significant impact on DAS28 remission frequencies [23] . In another study and unlike us, Takahashi et al. found no significant differences in proportions of EULAR good response, DAS28-CRP remission, and LDA between patients treated with tocilizumab or adalimumab, while confirming higher frequencies of EULAR good/moderate response in the tocilizumab group [26] . No adjusted results were reported for these comparisons, an aspect that might help explain these discrepancies [26] .
We have found an impressive frequency of 57.9% DAS28 remission at 6 months. These rates are higher than those observed in published RCTs (27% OPTION [27] , 30.1% RADIATE [28] , 39.9% ADACTA [15] , and 40.4% ACT-RAY [13] ) but similar to other observational register-based studies (39-58% DANBIO [20] , 53.3% Michinoku Tocilizumab Study Group [29] , 47.8% CABUKI [23] , and 54.9% FRAB [21] ). The EULAR response rates, based on DAS28, were also similar to those found in RCTs [13, 15, 27] and observational studies [20, 26] that reported them. While it is understandable that the remission rates seen in register-based studies are higher than those observed in RCTs, due to factors such as selection and attrition bias associated with observational studies in a real life setting, it is intriguing that such discrepancies are also seen among different registers. Although the magnitude of the difference in the proportion of patients achieving remission at 6 months is not very large (39% minimum in DANBIO [20] , 57.9% maximum in Reuma.pt), several aspects can explain these findings. In observational studies, treatment is selected based on objective criteria and also on subjective physician attitudes and expectations, which greatly vary according to country or region. Western European practices certainly differ from Asian ones and even between Portugal (Reuma.pt) and Denmark (DANBIO) factors associated with treatment selection are quite different. Furthermore, visual analogue scale scores are highly subjective, influenced by local cultural factors, and can have a profound impact on the assessment of disease activity. Other potential explanations for these results include genetic factors accounting for variable responses between populations with distinct backgrounds and different frequencies of concomitant treatment with MTX, other DMARDs, and corticosteroids, which might be crucial for suppressing minimal disease activity and attaining remission.
The results of our study confirm that the inclusion of inflammatory markers in the assessment of response to therapy is of extreme importance when analyzing the effectiveness of drugs such as tocilizumab that, through a profound inhibition of IL-6-driven inflammation, markedly suppress ESR and CRP, even within the normal range limits, and might overestimate remission rates, as shown by Smolen and Aletaha [24] . These authors suggest the use of CDAI and SDAI remission/LDA might be more appropriate to compare treatment responses and, in fact, we have found no differences between biologic classes in the overall population analysis [24] . However, in biologic-naïve patients CDAI and SDAI remission were more frequent in the tocilizumab group, with OR of 2.6 ( = 0.015) and 3.0 ( = 0.007), respectively. Similar observations were made after multivariate analyses adjusting for several confounders. It should be noted, though, that the CDAI/SDAI-based analyses forced the exclusion of a significant number of patients due to missing values, and this might somewhat weaken the conclusions. However, sensitivity analysis revealed that simply excluding patients with missing values and performing a univariate analysis for the effect of biologic class on response rates did not yield the same results as the multivariate approaches (data not shown). This suggests that our results are not merely explained by the exclusion of patients in regression models.
We have also found that previous biologic therapy had an important effect on response to treatment. In fact, analysis of the biologic-naïve subgroup of patients revealed higher remission rates, especially for tocilizumab, not only according to DAS28, a finding already reported by others [21, 23] , but also with CDAI and SDAI, which differed significantly between biologic class. While it seems reasonable that tocilizumab response is better in biologic-naïve patients compared to those having failed a biologic previously, the differences at 6 months between biologic class in terms of CDAI/SDAI remission/LDA might be at least partly explained by the fact that at baseline these subpopulations were more similar between groups, which was mainly due to less active disease in tocilizumab users and slightly more active disease in the TNFi group (data not shown; the only significant differences were SJC28 and DAS28, still both higher with tocilizumab). On the other hand, for TNFi users, response rates did not differ greatly between the biologicnaïve patients and both the overall population and those previously exposed to at least one biologic. This was also seen in the study by Yoshida et al. [23] and, in our opinion, might be related to two findings: first, most of the TNFi group (85.1%) was naïve to biologic therapy and, thus, the overall group mostly represented the characteristics of the biologicnaïve subpopulation; secondly, biologic-naïve TNFi users had higher baseline DAS28 (5.5 versus 5.1, = 0.041) and SJC28 (7.1 versus 4.8, < 0.001) compared to those that were previously exposed to biologic therapy, thus counteracting the potentially beneficial effect of being a first line user.
Our study has several limitations. Given its observational nature it is prone to different types of confounding, for which we have tried to account for by using propensity scores and multivariate logistic regression. However, residual and unmeasured confounding cannot be avoided and this may limit some of the conclusions. Furthermore, extrapolation of these results to drug efficacy is not possible. More specifically, the fact that there were several baseline differences between biologic class groups suggests that treatment was chosen, at least partially, based on the characteristics of the patients, as would be expected in a clinical practice setting. We used propensity scores to try to adjust for this, although we could not include every baseline variable of interest into the score due to missing data. However, given that RCTs addressing comparative effectiveness of biologics are unlikely to be conducted, observational studies are one of the ways to address this issue.
Other potential limitations should be also taken into account. In this study we provide data at 6 months, which might not be extendable to more prolonged follow-up times. We have also not analysed discontinuation rates or reasons, mainly due to missing values and short follow-up time, and this might limit the translation of conclusions into clinical practice. On the other hand, the fact that we have only included patients with available DAS28 at 0 and 6 months may also imply some degree of bias. Still, considering that Reuma.pt is a clinical practice register, data will be missing due to random reasons such as different likelihood of different clinicians to fill in all fields, rather than due to more or less severe disease activity. Another point to be focused is that we only included data on baseline concomitant MTX/corticosteroid treatment and did not assess whether these treatments were discontinued during follow-up. Nevertheless, given the relatively short follow-up and considering the longstanding nature of the disease in most cases, it is reasonable to assume that the combination therapy status did not alter significantly for the majority of the population.
Conclusions
In conclusion, using data from Reuma.pt, we found that treatment with tocilizumab was associated with higher rates of DAS28 remission/LDA and EULAR good response at 6 months. Similar observations were made also for CDAI and SDAI remission in biologic-naïve patients. Adjusting for other potential confounders confirmed higher response rates with tocilizumab according to DAS28, CDAI, and SDAI criteria. Boolean remission was similar between groups, suggesting that the use of more stringent remission criteria blurs the differences between drug classes. Similar, larger and longer observational studies from other registers are needed to confirm these results and give further insight into therapeutic decisions in the managements of RA patients.
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